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1	Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213]The work item on enhanced Industrial Internet of Things (IIoT) and URLLC support for NR was approved in RAN#86 and revised during RAN#88e [1]. As one of the objectives, enhancements on intra-UE multiplexing and prioritization were included as below:
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH.
b.  Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline. 
The second objective (i.e. b) aims to finalize the Rel-16 intra-UE prioritization framework as the CG PUSCH vs. DG PUSCH of different PHY priorities had been removed at the last minute in RAN1#101e meeting, which will be discussed in Section 2.  
In Rel-16, for the scenarios where the overlapping channels are with different PHY priority, only prioritization (i.e. low-priority channels are always dropped) is supported which could lead to performance degradation e.g. in terms of spectral efficiency. In Section 3, we discuss the enhancements related to intra-UE multiplexing/prioritization of traffic with different priorities. 
2	CG PUSCH vs DG PUSCH of different PHY priorities 
Based on the updated WID in [1], two cases are to be covered here, namely high-priority CG PUSCH overlapping with low-priority DG PUSCH and low-priority CG PUSCH overlapping with high-priority CG PUSCH. 
High-priority CG PUSCH vs. low-priority DG PUSCH:
Let us recall that handling the collision of overlapping channels with different priorities where the high-priority channel does not have an associated scheduling PDCCH was already specified in Rel-16 NR, except for the scenario CG PUSCH vs. DG PUSCH. The related agreement from Rel-16 is that it is up to UE implementation to ensure that the low-priority UL transmission is cancelled, at the latest, before the start of the high-priority UL transmission. Since the scenario here is quite similar to the scenarios discussed in Rel-16, for which the high-priority channel does not have an associated PDCCH, the same way of handling as specified in [2] could be adopted.
Proposal 2.1: For the scenario high-priority CG PUSCH vs. low-priority DG PUSCH, it is up to UE implementation to ensure that the low-priority DG PUSCH is cancelled, at the latest, from the first symbol that is overlapping with the high-priority CG PUSCH.

High-priority DG PUSCH vs. low-priority CG PUSCH: 
The handling of this scenario can be the same as handling of collision between a dynamically scheduled high-priority channel and a low-priority channel which was specified in Rel-16 (except for DG PUSCH vs. CG PUSCH). Specifically, at least the aspects related to cancellation timeline and minimum processing timeline extension, defined in Rel-16 [2], can be adopted for the scenario high-priority DG PUSCH vs. low-priority CG PUSCH as follows:
· A UE is expected to cancel the overlapping low-priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first overlapping symbol of the high-priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH scheduling the DG PUSCH.
· The minimum processing timeline for the DG PUSCH should be extended by d2 symbols; d2 is reported as a UE capability.

Proposal 2.2: The Rel-16 handling of the scenarios where a dynamically scheduled high-priority channel overlaps with a low-priority channel is adopted for the scenario of overlapping between high-priority DG PUSCH and low-priority CG PUSCH.
3	Intra-UE multiplexing enhancements for overlapping channels with different priorities
[bookmark: _Toc415085486][bookmark: _Toc503902285]In the following we will separately discuss the scenarios depending on whether PUSCH is involved or not, i.e. control vs. control and control vs. data. 
[bookmark: _Hlk31097673]3.1	Control channel vs. control channel
We first recall that in Rel-16 NR, the UE may be configured with up to two PUCCH configurations each of which has separate parameters, where one configuration is associated with high PHY priority and the other one is associated with low PHY priority. Also, in Rel-16, when a high-priority UCI overlaps with a low-priority UCI, the high-priority UCI is prioritized, and the low-priority UCI is dropped. 
However, always dropping low-priority UCI when it overlaps with high-priority UCI can impact the performance of low-priority service such as eMBB, particularly when the dropping happens several consecutive times; or more generally when dropping occurs often. This is especially true for HARQ-ACK, where continuous dropping of eMBB HARQ-ACK may lead to many unnecessary PDSCH retransmissions (and corresponding PDCCH transmissions), and this can degrade the performance for eMBB in terms of latency and DL efficiency. In addition, although its consequence may not be as severe as dropping HARQ-ACK(s), continuous dropping of low-priority SR or CSI can impact the system performance at least in terms of latency and spectral efficiency. 
Observation 3.1: Always dropping low-priority UCI, especially HARQ-ACK, when it overlaps with high-priority UCI can degrade the performance for the low-priority service such as eMBB.
Therefore, to avoid dropping low-priority UCI, particularly HARQ-ACK, multiplexing high-priority UCI with low-priority UCI on PUCCH should be allowed in Rel-17 NR, at least for some scenarios. However, an important condition in this regard is to ensure that the latency and reliability requirements for the high-priority UCI are not compromised because of the multiplexing. In addition, we should try to re-use existing (Rel-15) multiplexing rules and conditions as much as possible and not bring any unnecessary complexity. 
On the other hand, if the timeline condition for multiplexing the UCIs is not satisfied, where the Rel-15 conditions could be used as a baseline, then the low-priority UCI is dropped/cancelled, and the timeline conditions for cancellation defined in Rel-16 could be adopted in this case.  
In the following, we discuss whether multiplexing high-priority UCI and low-priority UCI could be worth considering for various scenarios with overlapping control channels.
3.1.1 PUCCH with high-priority HARQ-ACK vs. PUCCH with low-priority UCI(s) 
We herein discuss the following two-channel scenarios: 
· High-priority HARQ-ACK vs. low-priority HARQ-ACK
· High-priority HARQ-ACK vs. low-priority SR
· High-priority HARQ-ACK vs. CSI
· High-priority HARQ-ACK vs. low-priority multiplexed UCIs (SR+HARQ-ACK, SR+CSI, HARQ-ACK+CSI, SR+HARQ-ACK+CSI)

For the scenarios high-priority HARQ-ACK vs. low-priority multiplexed UCIs, we suppose that the low-priority multiplexed UCIs result from the Rel-16 operation where the overlapping channels with the same priority are handled first using Rel-15 rule and there is one resulting low-priority channel.

As previously explained, low-priority HARQ-ACK is in general more important compared to low-priority SR or CSI, i.e. the consequence of dropping a low-priority HARQ-ACK is more severe compared to dropping low-priority SR and CSI. Hence, considering the E-meeting reduced-efficiency, the scenarios of high-priority HARQ-ACK overlapping with low-priority UCI(s) including HARQ-ACK should probably be handled with higher priority in the WI phase compared to the scenarios of high-priority HARQ-ACK overlapping with low-priority UCI(s) other than HARQ-ACK. 
Observation 3.2: Considering the E-meeting reduced-efficiency, the scenarios of high-priority PUCCH carrying HARQ-ACK overlapping with low-priority PUCCH carrying HARQ-ACK could be handled with higher priority in the WI phase compared to the scenarios of PUCCH carrying high-priority HARQ-ACK overlapping with low-priority PUCCH carrying UCI(s) other than HARQ-ACK, since the consequence of dropping a low-priority HARQ-ACK is in general more severe compared to dropping low-priority SR and CSI.
As will be explained later, for several cases of the above scenarios, multiplexing of high-priority HARQ-ACK and low-priority UCI(s) could be possible without compromising the high-priority HARQ-ACK performance. Actually, for these cases the multiplexing can be essentially done on the high-priority HARQ-ACK resource. In addition, aspects to protect the high-priority HARQ-ACK when multiplexed with low-priority UCI(s) needs to be discussed, such as separate encoding of high-priority HARQ-ACK and low-priority UCI(s). Further, the network could be given the control whether to enable multiplexing or not. Specifically, if multiplexing does not affect the performance of high-priority HARQ-ACK, or if the impact is acceptable, the network can enable it. Otherwise it can be disabled, in which case the high-priority HARQ-ACK is prioritized. 

Based on the above observations, and based on the detailed discussions provided later, we have the following proposal highlighting the main takeaways.

[bookmark: _Hlk44407853]Proposal 3.1: For the scenarios where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority UCI(s), the multiplexing of high-priority HARQ-ACK and low-priority UCI(s) should be supported for certain cases and under certain conditions.
· FFS the cases and conditions under which the multiplexing should be allowed.
· FFS how to multiplex low-priority UCI(s) and high-priority HARQ-ACK.
· FFS allowing the network to control whether the multiplexing can be applied or not.

High-priority HARQ-ACK vs. low-priority HARQ-ACK
In Rel-16 NR, it was agreed that two HARQ-ACK codebooks could be simultaneously constructed for supporting different service types, which leads to scenarios where a high-priority HARQ-ACK overlaps with a low-priority HARQ-ACK. For at least some of these scenarios, multiplexing low-priority HARQ-ACK and high-priority HARQ-ACK could be considered and supported in Rel-17 to avoid always dropping the low-priority HARQ-ACK bits.
Multiplexing high-priority HARQ-ACK and low-priority HARQ-ACK could be allowed under the condition that this multiplexing does not degrade the high-priority HARQ-ACK performance. How to ensure the reliability of high-priority HARQ-ACK bits should be discussed for this case. Aspects such as separate encoding of high- and low-priority HARQ-ACKs and multiplexing on the high-priority HARQ-ACK resource could be considered as potential ways to protect the high-priority HARQ-ACK. 

Further, timeline condition for multiplexing would need to be defined in case multiplexing is allowed for the scenario here. Similar conditions to those defined in Rel-15 for other scenarios could be adopted here.
High-priority HARQ-ACK vs. low-priority SR
In the following, we discuss whether dropping the low-priority SR could be avoided by allowing to multiplex HARQ-ACK and SR at least in some cases without impacting the HARQ-ACK performance.

We first recall that if both HARQ-ACK and SR have the same (high/low) priority, the Rel-16 rule consists in re-using the Rel-15 rule which is briefly described as follows:
· SR and HARQ-ACK are multiplexed on the HARQ-ACK resource in the following cases: (i) HARQ-ACK is with F0 and SR with F0, and (ii) HARQ-ACK is with F2/F3/F4 and SR with F0/F1.  
· For the case where HARQ-ACK is with F1 and SR with F0, HARQ-ACK is prioritized and SR is dropped. 
· For the case where HARQ-ACK is with F1 and SR with F1, HARQ-ACK is transmitted on the SR resource if SR is positive whereas HARQ-ACK is transmitted on the HARQ-ACK resource when SR is negative.
It can be noticed that for most of the cases of PUCCH format combinations, the multiplexing is done on the HARQ-ACK resource. For these cases, since in Rel-16 a high-priority SR can be multiplexed with a high-priority HARQ-ACK on the HARQ-ACK resource, i.e. no issue raised in terms of HARQ-ACK reliability, then we do not see a problem in allowing a low-priority SR to be multiplexed with a high-priority HARQ-ACK on the HARQ-ACK resource.
Since the case where HARQ-ACK with F1 and SR with F0 is not a typical case, Rel-16/Rel-15 rule (under which HARQ-ACK is prioritized and SR is dropped) could be re-used, as there is no impact on the high-priority HARQ-ACK and optimizing this case is not really worth it.  
If we allow multiplexing HARQ-ACK and SR for the case where HARQ-ACK is with F1 and SR with F1, the HARQ-ACK would be transmitted on the SR resource if SR is positive. Obviously, transmitting the high-priority HARQ-ACK on a low-priority resource may impact the reliability of the HARQ-ACK feedback, as e.g. the transmission power may be tuned differently for the low-priority PUCCH resource. One possibility here would be to simply prioritize HARQ-ACK and drop SR.
High-priority HARQ-ACK vs. CSI

We recall that if both HARQ-ACK and CSI are of low priority, the Rel-16 rule consists in re-using the Rel-15 rule which is briefly described below:
· If HARQ-ACK has a corresponding PDCCH, the UE determines the PUCCH resource for multiplexing HARQ-ACK with CSI based on (i) the PRI (PUCCH resource indicator) field, if present in DCI, or a configured value of dl-DataToUL-ACK, and (ii) the total UCI payload. 
· Otherwise, the UE selects the PUCCH resource for the multiplexing from configured PUCCH resources for CSI. 

In Rel-17, multiplexing HARQ-ACK and CSI could be allowed only if the latency and reliability of HARQ-ACK is not impacted. In this regard, one condition for allowing this multiplexing would be to have the multiplexing done on the high-priority resource. Also, separate encoding of HARQ-ACK and CSI as well as partial or full dropping of CSI could be considered as ways to protect the HARQ-ACK. 
For the case where there is corresponding PDCCH for the HARQ-ACK, multiplexing could be allowed under certain conditions. Discussions would be needed to see whether multiplexing for the other case, i.e. where HARQ-ACK is in response to a PDSCH(s) reception without a corresponding PDCCH, is worth to consider or not.
Overall, as the CSI has a much larger payload size than any high-priority UCI (SR &/ HARQ-ACK), the impact on reliability of multiplexing (low-priority) CSI on a high-priority PUCCH (resource) should be considered with lower priority from discussion perspective, considering the limited available time for the Rel-17 completion as well as the reduced E-meeting efficiency. 
High-priority HARQ-ACK vs. low-priority multiplexed UCIs (SR+HARQ-ACK, SR+CSI, HARQ-ACK+CSI, SR+HARQ-ACK+CSI)
In principle, multiplexing of high-priority HARQ-ACK and low-priority multiplexed UCIs could be allowed for this scenario. In a similar way to the scenarios discussed above, multiplexing should be essentially done on the high-priority HARQ-ACK resource. Also, separate encoding of high-priority HARQ-ACK and low-priority UCI could be considered as ways to protect the HARQ-ACK. In addition, partial or full dropping of low-priority UCIs could be considered: 
· For partial dropping, a priority order could be defined where HARQ-ACK > SR > CSI. It should be noted that partial dropping may increase the processing time as the UE would need to iteratively check which part(s) of the low-priority UCI (including CSI parts) can be multiplexed and thus which part(s) should be dropped.
· Alternatively, for simplicity, full dropping could be considered where (i) either all low-priority UCIs are multiplexed with high-priority HARQ-ACK if feasible, (ii) only low-priority HARQ-ACK & SR are considered as multiplexing candidates, or (iii) the high-priority HARQ-ACK is simply prioritized and the low-priority UCIs are dropped; alternatively, (i) and (iii) can be considered without (ii).

The option of multiplexing can be essentially considered in case the high-priority HARQ-ACK has a corresponding PDCCH, as the network would still be in control of the multiplexing. Otherwise, if there is no corresponding PDCCH, one simple option is to prioritize the high-priority HARQ-ACK and drop the low-priority UCIs (i.e. no related multiplexing enhancements in case of high-priority SPS HARQ-ACK only).

3.1.2 PUCCH with high-priority SR vs. PUCCH with low-priority UCI(s)
We now discuss the following two-channel scenarios: 
· High-priority SR vs. low-priority HARQ-ACK
· High-priority SR vs. CSI
· High-priority SR vs. low-priority SR
· High-priority SR vs. low-priority multiplexed UCIs (HARQ-ACK+SR, HARQ-ACK+CSI, SR+CSI, HARQ-ACK+SR+CSI)

For the scenarios high-priority SR vs. low-priority multiplexed UCIs, we suppose that the low-priority multiplexed UCIs result from the Rel-16 operation where the overlapping channels with the same priority are handled first using Rel-15 rule and where there is one low-priority channel left.

In a similar way to the scenarios high-priority HARQ-ACK vs. low-priority UCI(s), the scenarios of high-priority SR overlapping with low-priority UCI(s) including HARQ-ACK should probably be handled with higher priority in the WI phase compared to the scenarios of high-priority SR overlapping with low-priority UCI(s) other than HARQ-ACK. 
Observation 3.3: Considering the E-meeting reduced-efficiency, the scenarios of high-priority PUCCH carrying SR overlapping with low-priority PUCCH carrying HARQ-ACK could be handled with higher priority in the WI phase compared to the scenarios of high-priority PUCCH carrying SR overlapping with low-priority PUCCH carrying UCI(s) other than HARQ-ACK, since the consequence of dropping a low-priority HARQ-ACK is in general more severe compared to dropping low-priority SR and CSI.
As will be explained later, allowing to multiplex high-priority SR and low-priority UCI(s) would essentially require defining semi-static ways/rules and conditions so that the SR latency and reliability are not impacted, especially that the multiplexing would need to be done on the resource of low-priority UCI(s). 

Based on the above observations and on the discussions provided later, we have the following proposal highlighting the main takeaway.
Proposal 3.2: For the scenarios where a PUCCH carrying high-priority SR overlaps with another PUCCH carrying low-priority UCI(s), RAN1 should discuss whether/how SR should be allowed to be multiplexed with low-priority UCI(s) on the low-priority PUCCH resource.

High-priority SR vs. low-priority HARQ-ACK

As previously explained, if both HARQ-ACK and SR have the same priority, the existing Rel-16/Rel-15 rule consists, in most of the cases of PUCCH format combination, in multiplexing HARQ-ACK and SR on the HARQ-ACK resource. Reusing this rule for the scenario high-priority SR vs. low-priority HARQ-ACK may impact the reliability of SR mainly because SR and HARQ-ACK will be multiplexed on the low-priority PUCCH resource. Based on this observation, one potential option to protect the SR in these cases would be to simply drop low-priority HARQ-ACK and prioritize high-priority SR, i.e. re-use Rel-16 rule. Another option would be to allow multiplexing on the low-priority HARQ-ACK resource. However, this latter option clearly requires defining semi-static ways/rules and conditions to guarantee the reliability and latency of SR for the different cases, which could be cumbersome from specifications perspective. Hence, although it leads to dropping low-priority HARQ-ACK in case high-priority SR is positive, the former option would be preferable due to its simplicity.  

Since the case where HARQ-ACK is with F1 and SR with F0 is not a typical case, Rel-16 rule (under which high-priority SR is prioritized and low-priority HARQ-ACK is dropped) could be re-used as optimizing this case to allow multiplexing of HARQ-ACK and SR is not really worth it.  

For the case where HARQ-ACK is with F1 and SR with F1, for the case with the same priority, the Rel-15/Rel-16 rule consists in transmitting the HARQ-ACK on the SR resource if SR is positive. For the scenario high-priority SR vs. low-priority HARQ-ACK, one possibility is to re-use this rule and transmit the HARQ-ACK on the SR resource if SR is positive, since the transmission will be done on the high-priority resource. Another option would be to reuse the Rel-16 rule under which high-priority SR is prioritized and low-priority HARQ-ACK is dropped.
High-priority SR vs. CSI
Rel-16 rule for the same priority case, which is the Rel-15 rule, consists in multiplexing SR on the CSI resource. If this rule is applied for the scenario here, the reliability and latency of SR may be impacted. Otherwise, to guarantee the performance of SR in case of multiplexing, some semi-static ways/rules and conditions for multiplexing would need to be studied and introduced. Another option is to simply prioritize SR and drop CSI.

Overall, similarly as for the case of high-priority HARQ-ACK overlapping with CSI, this scenario should maybe be handled with lower priority in the WI phase. 

High-priority SR vs. low-priority SR

Currently this scenario cannot occur at PHY, i.e. MAC will not deliver two positive SRs to PHY to be transmitted on overlapping resources. Whether this scenario would be allowed or not should be decided by RAN2. Anyhow, if this scenario is allowed to occur at PHY, the UE should simply prioritize high-priority SR and drop the low-priority SR, i.e. multiplexing both SRs should not be supported. 

High-priority SR vs. low-priority multiplexed UCIs (HARQ-ACK+SR, HARQ-ACK+CSI, SR+CSI, HARQ-ACK+SR+CSI)

Whether to allow multiplexing for the scenario(s) here would depend on whether multiplexing will be allowed for the other scenarios discussed above. In general, a simple option here would be to prioritize high-priority SR and drop the low-priority UCIs or limit the multiplexing to low-priority HARQ-ACK only. 

3.1.3 PUCCH with high-priority HARQ-ACK+SR vs. PUCCH with low-priority UCI(s)
In principle, this scenario could be handled in a similar way as the scenario high-priority HARQ-ACK vs. low-priority UCI(s). Specifically, if the (high-priority) HARQ-ACK and SR are multiplexed on the HARQ-ACK resource, then the rule that will be designed for the scenario high-priority HARQ-ACK vs. low-priority UCI(s) could be essentially applied for the scenario here. On the other hand, if the HARQ-ACK and SR are multiplexed on the SR resource, then a simple rule would be to drop the low-priority UCI(s) in this case.

Observation 3.4: The scenario where a PUCCH carrying high-priority HARQ-ACK+SR overlaps with a PUCCH carrying low-priority UCI(s) is similar to the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with a PUCCH carrying low-priority UCI(s), at least when HARQ-ACK+SR is on the HARQ-ACK resource. Therefore, the same multiplexing handling as for high-priority HARQ-ACK (only) and low-priority UCI(s) could be used. 

3.1.4 More than two overlapping high- and low-priority PUCCHs 
Using the Rel-16 principle where the overlapping channels of the same priority are handled first, there could result more than two overlapping channels of different priorities, where here we consider that there is no PUSCH(s) in the group of overlapping channels. Specifically, some of these scenarios are listed below: 
· PUCCH with high-priority UCI(s) vs. at least two non-overlapping PUCCHs with low-priority UCI(s) 
· PUCCH with low-priority UCI(s) vs. at least two non-overlapping PUCCHs with high-priority UCI(s)

For such scenarios, it should be discussed how to handle the group of overlapping PUCCHs. In general, the handling approach that will be designed for these scenarios should be simple so that the processing of high-priority channel(s) is not impacted.

One possible approach would be to check for each low-priority PUCCH if multiplexing is possible on a high-priority PUCCH, essentially using the rules that will be agreed for the two-PUCCH scenarios. The low-priority PUCCH is multiplexed on the corresponding high-priority PUCCH if this condition is satisfied, and the UE does not expect to multiplex any other low-priority PUCCH on this high-priority PUCCH. In case there are more than one high-priority PUCCH on which the multiplexing of low-priority PUCCH is possible, the UE chooses one of them, e.g. the first/earlier resource. On the other hand, if the low-priority PUCCH cannot be multiplexed on any of the high-priority PUCCHs, then the low-priority PUCCH is dropped.
 
A simplified version of the above procedure is to only consider low-priority PUCCHs that are carrying HARQ-ACK, i.e. the other low-priority PUCCHs are simply dropped.

Proposal 3.3: RAN1 should discuss how to handle the scenarios where there are more than two overlapping high- and low-priority PUCCHs, namely whether multiplexing is supported or not (i.e. Rel-16 prioritization applied or not). 

3.2	Control channel vs data channel
The discussion in this section is focused on the scenarios where one of the overlapping channels is PUSCH which could be with high-priority or low priority. Similar as discussed in Section 3.2, the Rel-16 rule of always dropping low-priority channels may lead to considerable performance loss in terms of different KPIs for example spectral efficiency due to e.g. unnecessary retransmission of PDSCH in case of dropping low-priority (positive) HARQ-ACK. Therefore, multiplexing between UCI(s) and PUSCH with different priorities should be allowed especially considering the multiplexing rules and conditions including multiplexing timeline are already specified for certain scenarios like HARQ-ACK on PUSCH. Certainly, the multiplexing can only be applied in case that there is no or tolerable performance degradation on the high-priority channel(s). Otherwise the low-priority channel is dropped/cancelled following Rel-16 rule. In the following, our discussion is organized based on the priority of the involved PUSCH.
3.2.1 Low-priority PUSCH vs. PUCCH with high-priority UCI(s) 
In this subsection we will discuss the following two-channel scenarios: 
· Low-priority PUSCH vs. high-priority HARQ-ACK
· Low-priority PUSCH vs. high-priority SR
· Low-priority PUSCH vs. PUCCH with multiplexed high-priority UCIs (positive SR+HARQ-ACK).

For the scenarios where low-priority PUSCH is involved, according to Rel-16 rule, low-priority PUSCH is always dropped. Clearly this can lead to unnecessary PUSCH retransmission and therefore reducing spectral efficiency, and furthermore increasing latency of the low-priority PUSCH, especially considering it is very possible that the low-priority PUSCH can be with slot length and the PUCCH carrying high-priority HARQ-ACK/SR can be with sub-slot length. Therefore, in our opinion, simply always dropping the low-priority PUSCH is not a preferable solution. 

Ways to multiplex HARQ-ACK on PUSCH with the same priority are specified already in NR since Rel-15, definitely any necessary enhancements should be built on top of the existing schemes. While for multiplexing high-priority SR on low-priority PUSCH, minimum efforts should be the target since SR is only carrying one-bit information. Considering the potential negative performance impact on the high-priority UCI, network should be able to flexibly enable/disable the multiplexing operation.

Based on the above observations, and further detailed discussions provided later, we have the following proposal:

Proposal 3.4: For the scenarios where a low-priority PUSCH overlaps with a PUCCH carrying high-priority UCI(s), the multiplexing of low-priority PUSCH and high-priority UCI(s) should be supported under certain conditions.
· FFS the conditions under which the multiplexing is allowed.
· FFS how to multiplex low-priority PUSCH and high-priority UCI(s) especially high-priority SR. 
· FFS allowing the network to control whether the multiplexing can be applied or not.
Low-priority PUSCH vs. high-priority HARQ-ACK 
As discussed already, simply dropping the low-priority PUSCH is not good especially considering that the multiplexing scheme between HARQ-ACK and PUSCH with the same priority is already supported in 3GPP. By moving one step further, we can extend the already specified scheme to cover the case of multiplexing HARQ-ACK and PUSCH with different priority when the multiplexing conditions are satisfied.  
To be more specific, when there is sufficient time for multiplexing (Rel-15 multiplexing timeline can be taken as a baseline), high-priority HARQ-ACK can be multiplexed with low-priority PUSCH with a high(er) beta_offset value to guarantee the HARQ-ACK reliability. Potentially, one further change is in case that frequency hopping is applied for PUSCH, high-priority HARQ-ACK can be mapped to the first part of the PUSCH resource to guarantee the required latency requirement. However, in case the multiplexing timeline is not satisfied or the resource of low-priority PUSCH is not sufficient to guarantee the reliability of the high-priority HARQ-ACK, Rel-16 rule of dropping low-priority PUSCH can be reused. 
Low-priority PUSCH vs. high-priority SR 
Similar as discussed above, always dropping low-priority PUSCH will result in unnecessary retransmission, especially considering that the high-priority SR is only 1-bit information. Therefore, ways to multiplex high-priority SR and low-priority PUSCH should be considered. 
One approach would be that gNB always reserves resource for high-priority SR transmission (regardless of whether SR is positive or negative) when high-priority SR resource and low-priority PUSCH resource collides. While considering 1-bit SR information, another simple way is to carry SR information over PHY signals. Therefore, multiple options can be studied further:
· Option 1: the reserved resource in term of number of REs for example can be pre-configured via RRC signalling. In this way, the reliability of the high-priority SR can be guaranteed by the properly configured resource elements. 
· Option 2: following similar way as multiplexing HARQ-ACK with PUSCH, by introducing a new set of beta_offset for high-priority SR transmission and number of REs for SR transmission is determined by the beta_offset which can be dynamically indicated with DCI or configured beforehand in case with configured PUSCH transmission or the low-priority PUSCH is scheduled by DCI Format 0_0.
· Option 3: using PHY signals to carry the SR information since SR is one-bit information (positive or negative). One simple example with limited standardization impact is that the information of positive/negative SR can be carried by for example DMRS. Depending on the detected DMRS, gNB will learn whether the high-priority SR is positive or negative.
In case that the positive SR is coming too late, Rel-16 rule can be applied, i.e. low-priority PUSCH is cancelled at latest starting from the first symbol of the PUCCH resource carrying the high-priority SR.   
Low-priority PUSCH vs. high-priority multiplexed UCIs (SR+HARQ-ACK)
Similar as discussed above, in principle multiplexing low-priority PUSCH and high-priority multiplexed UCIs should be allowed for certain scenarios. In this case, following Rel-16 rule where the overlapping channels of the same priority are handled first, there will be two overlapping channels of different priorities. With the assumption that the multiplexing timeline is fulfilled, and the positive SR is not late for multiplexing either, it is quite straightforward to extend the two-channel multiplexing schemes discussed above to the cases of the multiplexed high-priority UCIs in terms of resource determination. After handling overlapping high-priority PUCCHs, the cases with SR only and HARQ-ACK only are discussed above. For the case with both high-priority HARQ-ACK and high-priority SR, SR information can be carried by REs from PUSCH resource (Option 1 and 2 in SR only case) or indicated by DMRS (Option 3 in SR only case), and high-priority HARQ-ACK is multiplexed on low-priority PUSCH. Certainly, in case multiplexing is not possible due to either the multiplexing timeline or insufficient PUSCH resource to guarantee the required performance of high-priority UCIs, the low-priority PUSCH is dropped.

3.2.2 High-priority PUSCH vs. PUCCH with low-priority UCI(s) 
We here discuss the following two-channel scenarios: 
· High-priority PUSCH vs. PUCCH with low-priority HARQ-ACK
· High-priority PUSCH vs. PUCCH with low-priority SR
· High-priority PUSCH vs. PUCCH carrying P-/SP-CSI
· High-priority PUSCH vs. low-priority PUCCH with multiplexed UCIs (SR+HARQ-ACK+P-/SP-CSI)

For the considered scenarios where high-priority PUSCH is involved, according to the Rel-16 rule, PUCCH with low-priority UCI(s) is always dropped. Always dropping the low-priority UCI(s) especially considering low-priority HARQ-ACK might not be preferred since this may lead to unnecessary retransmission for the corresponding PDSCH and hence reduced spectral efficiency. Obviously, in case multiplexing low-priority UCI(s) on high-priority PUSCH brings intolerable performance degradation on the high-priority PUSCH or dropping low-priority UCI(s) brings limited negative impacts, Rel-16 prioritization rule should be applied. Similar as other scenarios, network should be able to enable/disable the multiplexing process.
High-priority PUSCH vs. low-priority HARQ-ACK
Following Rel-16 rule, the low-priority HARQ-ACK is always dropped which may lead to unnecessary retransmission of the corresponding PDSCH. Considering the already specified ways of multiplexing HARQ-ACK with PUSCH, it is beneficial to consider multiplexing low-priority HARQ-ACK with high-priority PUSCH. While considering the high-priority PUSCH can be with stringent latency and reliability requirements, always allowing multiplexing may be not a preferred way either. And hence, it is better to leave the multiplexing decision to gNB, i.e. gNB can flexibly configure/indicate whether multiplexing is allowed or not. One simple way to achieve such objective is introducing new beta_offset. For example, by setting the beta_offset as “0” will prevent UE of multiplexing low-priority HARQ-ACK with high-priority PUSCH. 
Rel-15 multiplexing timeline can be applied in this scenario as well and in case multiplexing is not possible low-priority HARQ-ACK is dropped.
High-priority PUSCH vs. low-priority SR
In case of the resource of low-priority SR conflicting with high-priority PUSCH, PUSCH should be prioritized and the transmission of low-priority SR can be dropped, i.e. following the same UE behaviour as in Rel-15/16. We do not see the need to support multiplexing low-priority SR with high-priority PUSCH, especially considering that in case of collision between low-priority SR and low-priority PUSCH with UL-SCH, low-priority SR is not transmitted either.
High-priority PUSCH vs. P-/SP-CSI
Already in RAN1#98bis, it was agreed that P/SP-CSI on PUCCH is treated with low priority. In Rel-16, the high-priority PUSCH is prioritized and the P-/SP-CSI is dropped. Further, in our view P-/SP-CSI does not have low latency and/or high reliability requirements, even if it is configured for URLLC traffic. If needed, gNB can always trigger A-CSI transmission over PUSCH. In addition, the CSI payload size is not negligible (especially considering the case with MIMO) and could thus impact the reliability of high priority channels when they are multiplexed together. Therefore, we propose to drop P-/SP-CSI in case overlapping with high priority PUSCH.
High-priority PUSCH vs. PUCCH with multiplexed low-priority UCIs (SR+HARQ-ACK+P-/SP-CSI)
As proposed above, we do not see sufficient benefit of multiplexing low-priority SR and P-/SP-CSI on high-priority PUSCH. And hence in case high-priority PUSCH is overlapping with PUCCH with multiplexed low-priority UCIs, two options can be considered:
· Option 1: only considering multiplexing low-priority HARQ-ACK on the high-priority PUSCH.  The details of multiplexing including multiplexing timeline and resource determination can follow the discussion above. 
· Option 2: dropping PUCCH carrying multiplexed low-priority UCIs for the sake of simplicity. 
Based on the above observations and the detailed discussions, we have the following proposal:
Proposal 3.5: For the scenarios where a high-priority PUSCH overlaps with a PUCCH carrying low-priority UCI, we propose that:
· multiplexing of low-priority SR or P-/SP-CSI on high-priority PUSCH is not supported.
· multiplexing of low-priority HARQ-ACK on high-priority PUSCH is supported under certain conditions.
· FFS the conditions under which the multiplexing should be allowed.
· FFS how to multiplex high-priority PUSCH and low-priority HARQ-ACK.
· FFS allowing the network to control whether the multiplexing can be applied or not.
3.2.3 More than two overlapping channels involving PUSCH  
In Section 3.2.1 and 3.2.2, we have discussed the cases with two overlapping channels after applying the Rel-16 principle where the overlapping channels of the same priority are handled first. However, as already briefly discussed in Rel-16, there could be cases where after the first step of handling overlapping channels with the same priority, there are more than two overlapping channels of different priorities. Specifically, some of these scenarios are listed below: 
· High-priority PUSCH vs. at least two non-overlapping PUCCHs with low-priority UCI(s)
· Low-priority PUSCH vs. at least two non-overlapping PUCCHs with high-priority UCI(s) 

RAN1 should discuss how to handle such scenarios with more than two overlapping channels with necessary effort. Based on our discussion above, for example in case high-priority PUSCH vs. more than two non-overlapping PUCCHs with low-priority UCI(s), low-priority SR and P-/SP-CSI do not need to be considered which can significantly reduce the design efforts because we only need to consider when and how to multiplex low-priority HARQ-ACK on high-priority PUSCH . While in case low-priority PUSCH overlapping with more than one non-overlapping PUCCHs carrying for example high-priority SR and HARQ-ACK respectively, it is possible to multiplex both type of UCIs in a similar way as we discussed for the cases of low-priority PUSCH vs. high-priority multiplexed UCIs (SR+HARQ-ACK). 
Proposal 3.6: RAN1 should discuss how to handle the scenarios of PUSCH overlapping with more than one PUCCH (after handling the multiplexing / prioritization of channels with the same priority), e.g. whether multiplexing is supported or not (i.e. Rel-16 prioritization applied or not). 

4	Conclusions
In this contribution, firstly we discussed the identified issues related to intra-UE prioritization for CG PUSCH vs. DG PUSCH with different priorities. Based on our discussion, we have the following proposals:
· Proposal 2.1: For the scenario high-priority CG PUSCH vs. low-priority DG PUSCH, it is up to UE implementation to ensure that the low-priority DG PUSCH is cancelled, at the latest, from the first symbol that is overlapping with the high-priority CG PUSCH.
· Proposal 2.2: The Rel-16 handling of the scenarios where a dynamically scheduled high-priority channel overlaps with a low-priority channel is adopted for the scenario of overlapping between high-priority DG PUSCH and low-priority CG PUSCH.
Another aspect discussed in this contribution is on the enhancements of intra-UE multiplexing of traffic with different priorities. The discussion can be summarized with the following observations and proposals:
· Observation 3.1: Always dropping low-priority UCI, especially HARQ-ACK, when it overlaps with high-priority UCI can degrade the performance for the low-priority service such as eMBB.
· Observation 3.2: Considering the E-meeting reduced-efficiency, the scenarios of high-priority PUCCH carrying HARQ-ACK overlapping with low-priority PUCCH carrying HARQ-ACK could be handled with higher priority in the WI phase compared to the scenarios of PUCCH carrying high-priority HARQ-ACK overlapping with low-priority PUCCH carrying UCI(s) other than HARQ-ACK, since the consequence of dropping a low-priority HARQ-ACK is in general more severe compared to dropping low-priority SR and CSI.
· Proposal 3.1: For the scenarios where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority UCI(s), the multiplexing of high-priority HARQ-ACK and low-priority UCI(s) should be supported for certain cases and under certain conditions.
· FFS the cases and conditions under which the multiplexing should be allowed.
· FFS how to multiplex low-priority UCI(s) and high-priority HARQ-ACK.
· FFS allowing the network to control whether the multiplexing can be applied or not.
· Observation 3.3: Considering the E-meeting reduced-efficiency, the scenarios of high-priority PUCCH carrying SR overlapping with low-priority PUCCH carrying HARQ-ACK could be handled with higher priority in the WI phase compared to the scenarios of high-priority PUCCH carrying SR overlapping with low-priority PUCCH carrying UCI(s) other than HARQ-ACK, since the consequence of dropping a low-priority HARQ-ACK is in general more severe compared to dropping low-priority SR and CSI.
· Proposal 3.2: For the scenarios where a PUCCH carrying high-priority SR overlaps with another PUCCH carrying low-priority UCI(s), RAN1 should discuss whether/how SR should be allowed to be multiplexed with low-priority UCI(s) on the low-priority PUCCH resource.
· Observation 3.4: The scenario where a PUCCH carrying high-priority HARQ-ACK+SR overlaps with a PUCCH carrying low-priority UCI(s) is similar to the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with a PUCCH carrying low-priority UCI(s), at least when HARQ-ACK+SR is on the HARQ-ACK resource. Therefore, the same multiplexing handling as for high-priority HARQ-ACK (only) and low-priority UCI(s) could be used. 
· Proposal 3.3: RAN1 should discuss how to handle the scenarios where there are more than two overlapping high- and low-priority PUCCHs, namely whether multiplexing is supported or not (i.e. Rel-16 prioritization applied or not). 
· Proposal 3.4: For the scenarios where a low-priority PUSCH overlaps with a PUCCH carrying high-priority UCI(s), the multiplexing of low-priority PUSCH and high-priority UCI(s) should be supported under certain conditions.
· FFS the conditions under which the multiplexing is allowed.
· FFS how to multiplex low-priority PUSCH and high-priority UCI(s) especially high-priority SR. 
· FFS allowing the network to control whether the multiplexing can be applied or not.
· Proposal 3.5: For the scenarios where a high-priority PUSCH overlaps with a PUCCH carrying low-priority UCI, we propose that:
· multiplexing of low-priority SR or P-/SP-CSI on high-priority PUSCH is not supported.
· multiplexing of low-priority HARQ-ACK on high-priority PUSCH is supported under certain conditions.
· FFS the conditions under which the multiplexing should be allowed.
· FFS how to multiplex high-priority PUSCH and low-priority HARQ-ACK.
· FFS allowing the network to control whether the multiplexing can be applied or not.
· [bookmark: _GoBack]Proposal 3.6: RAN1 should discuss how to handle the scenarios of PUSCH overlapping with more than one PUCCH (after handling the multiplexing / prioritization of channels with the same priority), e.g. whether multiplexing is supported or not (i.e. Rel-16 prioritization applied or not). 
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